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‘[Title of the Invention] LIQUID CRYATAL ELEMENT AND
METHOD OF MANUFACTURING THE SAME

[Abstract]

[Object] There are provided a liquid crystal element which
can be formed by enclosing a liquid crystal between a pair
of substrates having at least one transparent substrate,
which is not affected by hardness or softness of substrates
compared with a conventional liquid crystal element, and can
keep the thickness of the liquid crystal layer constant over
a long period and stably obtain desired contrast and
reflectance, and a simple method of manufacturing the same.

[Solving Means] This liquid crystal element includes:
first and second substrates la and 1lb, at least one of which
is transparent and which are disposed opposite to each
other; a plurality of columnar structures 2 which are
installed between the substrates la and 1lb; and a liquid
crystal 3 which is enclosed in a space among the columnar
structures 2 between the substrates la and 1b, wherein the
columnar structures 2 a£e formed of photoresist obtained

from a photoresist material with an SP value of 10-15.

[Claims]
(Claim 1] A liQuid crystal element comprising:

a first substrate and a second substrate, at least one



2000-029035.doc -2 -

of which is transparent and which are disposed opposite to
each other;

a plurality of columnar structures installed between
the first and second substrates; and

a liquid crystal enclosed within a space between the
columnar structures provided between the first aﬁd second
substrates,

wherein thé columnar structures are formed of a polymer
material obtained from a material with an SP value of 10-15.

{Claim 2] The liquid crystal element according to Claim 1,
wherein the polymer material is photoresist.

[Claim 3]. The liquid crystal element according to any
one of Claims 1 and 2, wherein each of the columnar
structures formed of the polymer material has a height of
about 3 to 20 pm.

[Claim 4] The liquid crystal element according to any one
of Claims 1 and 2, wherein each of the columnar structures
formed of the poiymer material has a height of about 5 to 15
pm .

[Claim 5] The liquid crystal element according to any one
of Claims 1 through 4, wherein each of the first and second
substrates has an electrode, and the first and second
substrates are disposed such that the corresponding
electrodes are disposed opposite to each other.

[Claim 6] The liquid crystal element according to any one
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of Claims 1 through 5, wherein at least one of the first and
second substrates, which is disposed on the observing side
of the liquid crystal element, is one of a transparent glass
plate and a transparent synthetic resin film.

[Claim 7] The liquid crystal element according to any one
of Claims 1 through 6, wherein the peripheral edges of the
first and second substrates are joined by means of a sealing
material. |

{Claim 8] The liquid crystal element according to any one
of Claims 1 through 7, wherein an insulating layer is formed
between the columnar structures and the first and/or second
substrates.

[Claim 9] The liquid crystal element according to any one
of Claims 1 through 8, wherein an alignmeﬁt layer is formed
between the columnar structures and the first and/or second
substrates.

[Claim 10] A method of manufacturing a liquid crystal
element, the method comprising:

coating a photoresist material with an SP value of 10-
15 on one surface of a first substrate to a predeterminéd
thickness;

forming a predetermined exposure pattern by exposing
the photoresist material coating layer;

obtaining a plurality of columnar structures

corresponding to the exposure pattern by developing the
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coating layer;

covering the columnar structures with a second
substrate so that the second substrate overlaps the first
substrate; and

disposing a liquid crystal between the columnar
structures.

[Claim 11] The method according to Claim 10, wherein
the photoresist material is coated to a thickness of about 3
to 20 pum.

[Claim 12] The method according to Claim 10, wherein
the photoresist material is coated to a thickness of about 5
to 15 pum. |

[Claim 13] The method according to any one of Claims 10
through 12, further comprising, before exposing the
photoresist material coating layer, pre-baking the
photoresist material coating layer.

[Claim 14] The method according to any one of Claims
10 through 13, further comprising, after exposing the
photoresist material coating layer and before developing the
coating layer, performing a post-exposure baking process on
the photoresist material coating layer.

[Claim 15] The method according to any one of Claims
10 through 14, further comprising, after developing the
photoresist material coating layer and before overlapping

the first and second substrates, performing a post-exposure
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process and a post-baking process on the columnar structures
obtained by the developing process.

{Claim 16] The method according to any one of Claims 10
through 15, wherein subsfrates having respective electrodes
are used as the first and second substrates, respectively,
and wherein the photoresist material is coated on a surface
of the first substrate on which an electrode is formed and,
simultaneously, covered with the second substrate such thét
a surface of the second substrate on which an electrode is
formed faces the columnar structures.

[Claim 17] The method according to any one of Claims
10 through 16, wherein at least one of the first and second
subétrates, which is disposed on the observing side of the
liquid crystal element, makes use of one of a transparent
glass plate and a transparent synthetic resins film.

[Claim 18] The method according to any one of Claims
10 through 17, further comprising joining the peripheral
edges of the first and second substrates by means of a
sealing material.

[Claim 19] The method according to any one of Claims
10 through 18, further comprising forming an alignment layer
between the columnar structures.and the first and/or second
substrates.

[Claim 20] The method according to any one of Claims

10 through 19, further comprising forming an insulating
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layer between the columnar structures and the first and/or
second substrates.
[Detailed Description of the'In§ention]
[6001]
'[Technical Field of the Invention]

The present invention relates to a liquid crystal
element in which columnar structures and a liquid crystal
are disposed between two substrates at least one of which is
transparent and a method of manufacturing the same.

[0002]

[Description of the Related Art]

For a liquid crystal element in which a liquid crystal
is enclosed between two substrates, it is important to keep
a gap between the substrates (i.e., a liquid crystal layer
thickness) constant in order to obtain predetermined
contrast and reflectance with a predetermined driving
voltage. 1In order to keep thevgap between the substrates
constant, a plufality of grain-shaped spacers formed of
plastic or glass have conventionally been formed between the
substrates. For this, the spacers may be previously mixed
with a liquid crystal material that will be scattered on one
of the substrates before the substrates are joined.

[0003]

However, it is technically difficult to uﬁiformly

scatter a large number of spacers on a desired range of area.
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Also, when at least one of the substrates is a flexible film
or sheet, even if the spacers are interposed between the
substrates, the thickness of the liquid crystal layer varies
to some extent due to pressure applied to the surfaces of
the substrates so that.display may be changed. Further, in
the conventional method using the spacers, it is hard to
keep the liquid crystal layer in a predetermined_shape over
a long period. Therefore, a method of forming weirs between
liquid crystal regions of the substrates by using, for
example, resins, to a predetermined thickness has been
proposed.

[0004]

For example, according to Japanese Laid-Open
Publication No. sho 62-203123, a liquid crystal element in
which a liquid crystal is enclosed between a pair of
flexible substrates having electrodes is provided. 1In this
element, a weir that has a uniform-thickness matrix shape
and is formed of continuous polymers is attached between the
substrates, and liquid crystals are respectively enclosed in
a plurality of cells that are separated into one another by
the weir. 1In this structure, it is not necessary to seal
the peripheral edges of the substrates in order to prevent
leakage of a liquid crystal from the peripheral edges of the
substrates. Also, a liquid crystal element having any size

or shape can be obtained by cutting a large-area or long
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liquid crystal device.

[0005]

[Problems to be Solved by the Invention]

However, even in the liquid crystal element according
to Japanese Laid-Open Publication No. sho 62-203123, a
polymer material is melted in a liquid crystal, the
characteristics of the liquid crystal are deteriorated, or
the shape of a weir changes with the passage of time
according to the type of polymer material that forms the
weir. In these cases, sufficient contrast and reflectance
cannot be obtained. Also, a driving voltage required for
driving the liquid crystal is not uniformized throughout a
liquid crystal region. Because of this, the driving voltage
should be elevated to drive the entire liquid crystal region
equally.

[0006]

In order to solve the above-mentioned problems, an
object of the present invention is to provide a method of
manufacturing a liquid crystal display which is not affected
by hardness or softness of substrates compared with a
conventional liquid crystal element, to be able to keep
liquid crystal layer thickness constant over a long period
and to stably obtain a desired contrast and reflectance
thereby. Also, another object of the present invention is

to provide a liquid crystal display having new construction.
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{0007]

[Means for Solving the Problems]

In order to accomplish the above-mentioned objects, the
present inventor came to the following conclusions after
doing research over and over again.

0 When at least one of substrates is formed of a flexible
material, it is desirable that a plurality of columnar
structures are formed between the substrates and a liquid
crystal is filled within a space between the columnar
structures in order to keep a predetermined gap between the
sﬁbstrates.

0 The columnar structures are formed of, for example,
photoresist. A photoresist material is coated on one of thé
substrates to a predetermined thickness, and the coating
layer is exposed and developed using a predetermined photo
vmask so that the c@lumnar structures can be formed to a
desired height without using spacers. Also, by making use
of the exposure method using the photo mask, ultrahigh-
precision columnar structures can be obtained.

0 There is a solubility parameter (SP) as a principal
parameter that represents an interaction between a polymer
material and a solvent. When the columnar structures are
formed of a polymer material obtained from a material with
an SP value of 10-15, the flow of the polymer material into

the liquid crystal is negligibly reduced and the shape of
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the columnar structures can be held constant. As a result,
the thickness of the liquid crystal can be kept to be
constant.

{0008]

According to the above conclusions, the present
invention provides a liquid crystal element which is
equipped with a first substrate and a second substrate, at
least one of which is transparent, disposed to face
oppositely, a plurality of columnar structures provided
between the substrates, and a liquid crystal enclosed within
a space between the columnar structures provided between the
substrates. The columnar structures are formed with
photoresist obtained from a photoresist material with an SP
value of 10-15.

{0009]

In the liquid crystal element of the present invention,
a plurality of columnar structures formed of a polymer
material are previously formed between the two substrates,
and the liquid crystal is held in a space between the
columnaf structures. Thus, even if at least one of the
substrates is formed of a flexible material, a predetermined
gap between the substrates can be kept. Also, the gap
between the substrates can be kept without using spacers.
Also, in comparison with a typical liquid crystal with an SP

value of 8 or less, the polymer material that forms the
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columnar structures has an SP value of 10 to 15.
Accordingly, since the polymer material is not (or hardly)
melted in the liquid crystal, the columnar structures can
keep themselves in a predetermined shape over a long term.
As a result, a gap between the substrates (i.e., a liquid
crystal thickness between the substrates) can be kept to be
constant, and desired contrast and reflectance can be
obtained.

[0010]

Also, the SP value of a material can be measured by
mixing a material to be measured with a solvent having a
known SP value and detecting whether the material is melted
in the solvent or not. When the material for obtaining the
polymer material has an SP value of 10 or less, its SP value
becomes similar to the SP value of liquid crystal so that
the polymer material that forms the columnar structures
- easily flows into the liquid crystal. When the material for
obtaining the polymer material has an SP value of 15 or more,
the polymer material becomes highly hygroscopic, and the
columnar structures absorb moisture, thus degrading the
performance of the liquid crystal.

[0011]

Although the kinds of polymer material are not
specially limited, a desired gap between substrates is

simply obtained by adopting photoresist. Also, according to
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the above conclusions, the present invention provides a
method of manufacturing a liquid crystal element comprising
coating a photoresist material with an SP value of 10-15 on
one surface of a first substrate to a predetermined
thickness; forming a predetermined exposure pattern by
exposing the photoresist material coating layer; obtaining a
plurality of columnar structures corresponding to the
exposure pattern by developing the coating layer; covering
the columnar structures with a second substrate so that the
second substrate overlaps the first substrate; and disposing
a liquid crystal between the columnar structures.

[0012]

According to the method of manufacturing a liquid
crystal element of the present invention, photoresist is
adopted for a material that forms the columnar structures, a
photoresist material is previously coated oﬁ one of the
substrates to a predetermined thickness, and the coating
layer is exposed and developed, thereby obtaining the
columnar structures. Also, a substrate having the columnar
structures is covered with a new substrate so that the
columnar structures are interposed between the two
substrates, thus allowing formation of a liquid crystal
layer to a predetermined thickness. Also the photoresist
material coating layer is exposed and developed using a

photo mask having a plurality of openings, which have the



2000-029035.doc - 13 -

same shape as desired columnar structures, with the result
that ultrahigh—precision columnar structures can be obtained.

[0013]

Also, in the present invention, a rphotoresist
material) refers to an original material for obtaining
photoresist through exposure and developing processes,
and rphotoresist_l refers to a material that is obtained by
exposing and developing the photoresist material. 1In the
case of a negative type, the photoresist material is monomer
or oligomer, and an exposed portion is polymerized and
chaﬁgéd into a polymer material, while an unexposed portion
is removed through the developing process. In the case of a
positive type, the photoresist material is a polymer
material, and an exposed portion becomes highly soluble in
an alkali developing solution and removed by the developing
process, while an unexposed portion remains as the polymer
material.

[0014]

In the liquid crystal element and method of
manufacturing the same of the present invention, columnar
structures may have any sectional shape, for example, a
polygonal shape such as a circular or square shape or a weir
shape. In any case, the columnar structures are formed such
that a continuous liquid crystal region is formed between

two substrates. The height of the columnar structures
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depends on the diameters of the individual columnar
structures and the distribution density of the columnar
structures. However, the columnar structures may be formed
to a height of, but not limited to, about 3 to 20 §m, more
preferably, 5 to 15 im in order to enclose a liquid crystal
between the substrates to a predetermined thickness and
prevent bucking of the substrates due to external load.

[0015]

When a ratio of an area occupied by columnar structures
to an optical modulation region of an observing surface that
is seen from a transparent substrate side is 0.5%(an
aperture ratio of 99.5%) or higher, the liquid crystal
element can obtain minimally required intensity. As the
ratio of the area occupied by the columnar structures to the
optical modulation region increases, the area of an optical
modulation portion decreases. However, as long as the ratio
is about 40% (an aperture ratio of 60%) or lower, the liquid
crystal element can obtain sufficient characteristics for
practical use. 1In view of the above, the columnar
structures may have a widthwise size of 2 to 250 pm and an
interval of 3 to 1000 pm between two adjacent ones.

[0016]

Also, in order to prevent leakage of liquid crystal
between the peripheral edges of two substrates, portions of

columnar structures may be formed using sealing walls that
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extend between the peripheral edges of the substrates.
Alternatively, sealing walls may be additionally installed
using a sealing material, such as resins. The sealing walls
serve also as an adhesive that bonds the two substrates. 1In
this case, the sealing material may contain a plurality of
grain-shaped spacers as supplementary means.

[0017]

Also, in the liquid crystal element of the present
invention, each of the first and second substrates may
include an electrode to which a driving voltage is applied.
In thié case, for example, the substrates may be disposed
such that the corresponding electrodes face each other
oppositely. Also in the method of manufacturing the liquid
crystal element of the present invention, substrates having
respective electrodes may be adopted as the first and second
substrates. In this case, for example, the photoresist
material is coated on a surface of the first substrate on
which an electrode is formed and, simultaneously, covered
with the second substrate such that a surface of the second
substrate on which an electrode is formed faces the columnar
structures. Also, even if no electrode is installed on at
least one of the first and second substrates, a display
operation is enabled by applying a driving voltage to a
liquid crystal between the two substrates using, for example,

an external electrode.
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[0018]

Also, whether or not substrates with electrodes are
used as the first and second substrates, an insulating layer
may be formed between the columnar structures and the first
and/or second substrates. When the first and second
substrates have respective electrodes, the insulating layer
assists in preventing a short circuit between the two
substrates. The insulating layer may be formed on, for
example, the surface of at least one substrate where an
electrode is formed.

[0019]

Also, an alignment layer may be formed between the
columnar structures and the first and/or second substrates.
The alignment layer allows alignment of a liquid crystal in
a certain direction. The alignment layer may serve also as
an insulating layer. Also, the alignment layer may serve as
an adhesive that bonds the columnar structures with the
substrate. The alignment layer may be formed on a surface
of the first substrate where the columnar structures is
formed or a surface of the second substrates that will cover
the columnar structures. In another case, the columnar
structures are formed on the first substrate and an
alignment layer may be prepared thereon. Then, an identical
alignment layer is prepared on one surface of the second

substrate, and the two alignment layers may be bonded to
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each other at a high temperature. Thus, the bonded
alignment layer may serve also as an adhesive.

[0020]

Also, in the method of the present invention, the
exposure process may be performed by, but not limited to,
covering the photoreéist material coating layer with a photo
mask having openings for exposure and irradiating
predetermined light from the photo mask onto the coating
layer so that the columnar structures are formed. During
the exposure and developing processes, the exposed
photoresist material coating layer is brought into contact
with a developing solution, and an exposed portion or an
unexposed portion is melted or removed according to the
positive or negative type of photoresist material.

[0021]

Also, in the method of the present invention, before
the exposure process, the photoresist material coating layer
may be pre—baked at a predetermined temperature for a
predetermined duration of time. As the result of the pre-
baking process, an organic solvent can be removed from the
photoresist material. Also, after the exposure process and
before the developing process, the coating layer may be
exposed at a predetermined temperature and for a
predetermined duration of time and then baked. As a résult,

formation of patterns using the exposure process can be
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finished.

{0022]

Also, after the developing process and before
overlapping the substrates, a post-exposure process and a
post-baking process may be performed on the column
structures obtained by the developing process. It is
desirable that the post-exposure process is performed on the
entire first substrate on which the columnar structures are
formed. By conducting the post-exposure process, the
outflow of additives such as a photosensitizer or reaction
accelerator from the photoresist into the liquid crystal can
be suppressed, and the degradation of performance of the
liqguid crystal due to the additives can be prevented. Also,
adhesion of the first substrate with the columnar structures
can be reinforced through the post-exposure process and
post-baking process.

[0023]

Also, in the method of the present invention, a liquid
crystal may be. enclosed between two substrates affer a first
substrate with columnar structures is covered with a second
substrate. However, after a liquid crystal is filled in a
region between the columnar structures formed on the first
substrate, the second substrate may be installed on the
first substrate so that the columnar structures and the

liquid crystal are interposed between the two substrates.
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{0024]

[Embodiments]

A liquid crystal element according to an embodiment of
the present invention includes first and second substrates,
at least one of which is transparent and which face each
other oppositely. The substrates are disposed opposite to
each other such that the corresponding electrodes face each
other. Also, a plurality of columnar structures are formed
between the two substrates. The columnar structures are
formed of a polymer material obtained from a material with
an SP value of 10-15. A liquid crystal is enclosed within a
space between the columnar structures provided between the
substrates.

{0025]

The above-described liquid crystal element can be
obtained through, for example, the following processes.
Photoresist is adopted as the polymer material, and a
photoresist material with an SP value of 10-15 is coated to
a predetermined thickness on a surface of the first
substrate where an electrode is formed. The photoresist
material may be formed by a known method, such as a spin
coating process. The photoresist material is uniformly
coated to a thickness of about 3 to 20 pm, more preferably,
5 to 15 um.

[0026]
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In the present invention, a Msubstratey refers to a
flexible or inflexible plate—shaped member or an elastic
film. For instance, one of the two substrates may be a
plate having such hardness as to include a combination layer,
and the other may be, for example, a'film>for protecting the
combination layer. It is obvious that both the first and
second substrates are formed of an elastic material, such as’
a film.

[0027]

It is preferable that of the two substrates, at least a
substrate having an electrode on the observing side of the
liquid crystal element is a traﬁsparent substrate having a
transparent electrode. The transparent substrate may be
formed of, for example, resin or glass such as polyethylene
" terephthalate, polycarbonate, or polyether sulfone.‘ The
transparent electrode may be an electrode formed of indium
tin oxide (ITO), Sn0O,, or InOsz or an electrode formed of a
thin metal layer.

{0028]

Thereafter, the photoresist material is coated using
such a photo mask as to form desired columnar structures,
predetermined light appropriate for the photoresist material
is irradiated onto the coating layer from the outside of the
photo'mask. Also, before an exposure process and/or after

the exposure process and before a developing process, the
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photoresist material coating layer may be baked.
Specifically, this pre-baking process may be performed by
mdunting the substrate coated with the photoresist material
on a hot plate. 1In this case, the hot plate can be heated
at a temperature of, for example, 100 O or higher.
Similarly, when the photoresist material coating layer is
baked after the exposure process, the substrate having thé
exposed resist may be mounted on a hot plate that is heated
at a temperature of, for example, 100 O or higher.

[0029]

Thereafter, the exposed coating layer is brought into
contact with a developing solution (e.g., the exposed
coating layer may be dipped in the developing solution), and
an exposed portion or an unexposed portion is melted or
removed according to the positive or negative type of
photoresist material. Then, the developed coated layer is
cleaned using deionized water and dried. 1In this process,
columnar structures are obtained in the same way as the
shape of the photo mask. Subsequently, a post-exposure
brocess and a post-baking process may be carried out if
required. Here, the post-exposure process refers to a
process of exposing the entire substrate having the
photoresist pattern. By undergoing the post-exposure
process, adhesion of the substrate with the photoresist

‘pattern can be reinforced. Also, specifically, the post-
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baking process can be performed by mounting on a hot plate
the substrate with the resist on whicﬁ the post-exposure
process is performed. In this case, the hot plate may be
heated at a temperature of, for example, 100 0 or higher.
The post-baking process also reinforces adhesion of the
substrate with the photoresist pattern.

[0030]

Thereafter, the substrate having the first electrode is
covered with the second substrate having a second electrode
such that a surface of the second substrate on which an
electrode is formed faces the columnar structures, and the
columnar structures are interposed between the substrates
having the first and second electrodes. Next, the
peripheral edges of the first and second substrates are
joined using a sealing material such as resin while leaving
a liquid crystal injecting port intact. Also, while the
columnar structures are being formed, a sealing wall may be
formed at the peripheral edge of the first substrate using
the same photoresist material.

[0031]

By vacuum-injecting a liquid crystal through the
injecting port, the liquid crystal element is obtained. The
kind of liquid crystal is not limited, but nematic liquid
crystal, smetic liquid crystal, cholesteric-phase liquid

crystal (cholesteric liquid crystal or chiral nematic liquid
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crystal obtained by adding a chiral material to nematic
liquid crystal to form a predetermined helical pitch) may be
all used.

[0032]

Fig. 1 illustrates a cross section of the liquid
crystal element according to the embodiment of the present
invention, which is obtained through the above-described
processes. The liquid crystal element includes a first
substrate la having a first electrode and a second substrate
1b having a second electrode, which face oppositely. A
plurality of columnar structures 2 are formed between the
substrates la and 1b. The columnar structures 2 are formed
of photoresist obtained from a photoresist material with an
SP value of 10-15. A liquid crystal 3 is filled within a
space between the columnar structures 2 provided between the
substrates la and 1lb. Also, a sealing wall 4 formed of a
polymer material is formed at the peripheral edges of the
substrates la and 1b.

[0033]

According to the liquid crystal element, a plurality of
columnar structures 2 are previously formed between the
substrates la and 1lb, and the liquid crystal 3 is held in a
region between the columnar structures 2. Accordingly, even
if at least one of the substrates la and 1lb is formed of a

flexible material, a predetermined gap between the
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substrates la and 1lb can be kept. Also, because the
photoresist material for obtaining the photoresist that
forms the columnar structures 2 has a solubility parameter
(SP) of 10 to 15, the resultant columnar structures 2 are
not (or hardly) soluble in the liquid crystal 3 that
typically has an SP of 8 or less, and the columnar
structures can retain their own shape over a long tefm.
Thus, a gap between the substrates la and 1b (i.e., a liquid
crystal layer thickness between the substrates la and 1b)
can be kept to be constant, and desired contrast and
reflectance can be maintained. Also, the gap between the
substrates la and 1lb can be kept without using spacers, but
the spacers may be used at the same time as when the
columnar structures are formed. In this case, for example,
spacers may be previously scattered on the second substrate
1b and overlapped with the first substrate la on which the
columnar structures are formed, thereby forming a cell.

[0034]

Also, photoresist is adopted as a material for the
columnar structures 2, the photoresist material is.
previously coated on the substrate la to a predetermined
thickness, and the coating layer is exposed and developed,
thereby forming the columnar structures 2. Also, the
substrate la with the columnar structures 2 is covered with

the new substrate 1lb, thereby enabling formation of a liquid
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crystal layer with a predetermined thickness. Further, the
photoresist material coating layer is exposed and developed
through a photo mask having a plurality of openings
corresponding to desired columnar structures so that
ultrahigh-precision columna; structures 2 can be obtained in
the same shape as the photo mask.

[0035]

The columnar structures may be formed of a resin that
has a small contact angle to the liquid crystal, thus the
device characteristics such as a driving voltage and
contrast can be improved. The columnar structures may be
formed of a material that depends on the type of liquid
crystal and also, has a contact angle of 20° or less, more
preferably 17° or less, to the liquid crystal.

[0036]

A liquid crystél element according to another.
embodiment of the present invention is illustrated in Fig. 2.
In the present embodiment, the liquid crystal element has
the same construction as the liquid crystal element shown in
Fig. 1 except that an insulating layer 5 with the same area
as each of the substrates la and 1lb is installed between the
first substrate la and the columnar structures 2 and between
the second substrate 1b and the columnar structures 2. The
same reference numerals are used to denote the same

components. In the liquid crystal element according to the
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‘present invention, a short circuit between electrodes
installed on opposing surfaces of the substrates la and 1b
is prevented.

[0037]

IN producing fﬁe liquid crystal element, an insulating
layer, such as a Si0O, layer, is previously formed using a
spin coating process or a deposition process on surfaces of
the substrates la and 1lb where electrodes are formed. By
making use of the substrates la and 1lb having the electrodes
and insulating layers, the liduid crystal element is
produced in the same manner as the liquid crystal element
shown in Fig. 1. Also, a liquid érystal element according
to still another embodiment of the present invention is
illustrated in Fig. 3. The liquid crystal element is the
same as the liquid crystal element shown in FIG. 1 except
thaf an alignment layer 6 with the same area as each of the
substrates la and 1lb is formed between the first substrate
la and the columnar structures 2 and between the second
substrate 1lb and the columnar structures 2. The same
reference numerals are used to denote the same components.
According to the liquid crystal element, by using the
alignment layer 6, the major axes of liquid crystal
molecules are aligned orthogonal to or parallel with the
substrate or at an angle to the substrate in an initial

state.
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[0038]

In order to produce this liquid crystal element, an
alignment layer, such as a polyimide alignment layer §r a
polyamic acidic alignment layer, is previously formed using
a spin coating process on surfaces of the first and second
substrateslla and 1lb where electrodes are formed. By making
use of the substrates la and 1lb- having the electrodes and
alignment layers, the liquid crystal element is produced in
the same manner as the liquid crystal element shown in Fig.
1. Also, Fig. 4 illustrates a liquid crystal element
according to yet another embodiment of the present invention
in which an insulating layer 5 and an alignment layer 6,
each of which has the same area as each of substrates la and
1b, are sequentially formed between the first substrate 1la
and columnar structures 2 and between the second substrate
1b and the columnar structures 2. According to this liquid
crystal element, a short circuit between the electrodes
installed on opposing surfaces of the substrates la and 1b
is prevented and simultaneously, liquid crystal molecules
are aligned in a predetermined direction in an initial state.
This liquid crystal element can be produced in the same
manner as the liquid crystal element except that the
insulating layer 5 and the alignment layer 6 are previously
formed on the surfaces of the substrates la and 1lb where the

electrodes are formed.
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[0039]

Also, Fig. 5 illustrates a liquid crystal element
according to further another embodiment of the present
invention in which an insulating layer 5 and an alignment
layer 6, each of which has the same area as each of
substrates 1la and 1lb, are formed in this order between the
first substrate la and columnar structures 2. Like the
liquid crystal element shown in Fig. 3, a short circuit
between electrodes installed on opposing surfaces of the
substrates la and 1lb is prevented, and liquid crystal
molecules are aligned in a predetermined direction in an
initial state. This liquid crystal element can be produced
in the same manner as the liquid crystal element shown in
FIG. 1 except that the insulating layer 5 and the alignment
layer 6 are previously formed on the surface of the first
substrate la where the electrode is formed.

[0040]

Also, Fig. 6 illustrates a liquid crystal element
according to still further another embodiment of the present
invention in which an insulating layer 5 and an alignment
layer 6, each of which has the same area as each of
substrates la and 1b, are sequentially formed between the
second substrate 1lb and columnar structures 2. Like the
liquid crystal element shown in Fig. 3, a short circuit

between electrodes installed on opposing surfaces of the
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substrates la and 1lb is prevented, and liquid crystal
molecules are aligned in a predetermined direction in an
initial state. This liquid crystal element can be produced
in the same manner as the liquid crystal element shown in
FIG. 1 except that the insulating layer 5 and the ‘alignment
layer 6 are previously formed on the surface of the second
substrate 1lb where the electrode is formed.

[0041]

In producing the liquid crystal elements shown in Figs.
3, 4, and 6, in addition to formation of the alignment layer
on the second substrate 1b using a spin coating process, a
material for an alignment layer may be sprayed on the top
surfaces of the columnar structures formed on the first
substrate la and shrank and fitted at a high temperature of,
for example, 200 O , thereby forming the alignment layer.
Thereafter, the alignment layers formed on both the
substrates la and 1lb are bonded at a high temperature of
200 O . Thus, adhesion between the substrates la and 1lb can
be reinforced.

[0042]

In driving the above-described liquid crystal elements
by applying a driving voltage, the arrangement of liquid
crystal molecules is transitioned by applying two kinds of
voltages, namely, a high voltage and a low voltage. For

example, when cholesteric-phase liquid crystal is used, the
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arrangement of liquid crystal molecules is transitioned
between planar arrangement and focal conic arrangement with
the.application of high and low pulse voltages. This state
is stably retained even if the appliéation of voltage is
stopped.

[(0043]

The cholesteric-phase liquid crystal selectively
reflects light of a wavelength corresponding to the product
of a helical pitch and an average refractive index of the
liquid crystal in the planar arrangement in which a helical
axis is arranged orthogonal to the substrate. Accordingly,
by using the liquid crystal that selectively reflects light
in, for example, a red wavelength region, a blue wavelength
region, and a green wavelength region, light is selectively
reflected in the respective wavelengths in the planar
arrangement so that the liquid crystal is seen in red, blue,
and green colors, respectively. Also, it is possible to
display multi-color by stacking rea, blue, and green liquid
crystal layers. Also, a selected reflection wavelength is
set to, for example, the infrared region so that the liquid
crystal can be seen transparent. In chiral nematic liquid
crystal, a helical pitch is controlled by adjusting the
amount of added chiral material, so that a selected
reflection wavelength can be controlled.

[0044]
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Also, the cholesteric-phase liquid crystal scatters
incident light in focal conic arrangement in which a helical
axis is arranged in an irregular direction, so that the
liquid crystal is seen in turbid white color. Like the case
where a selected ;eflection wavelength of the cholesteric-
phase liquidlcrystal is in the visible region, a short
helical pitch reduces scattering, thus the helical axis
becomes almost parallel to the substrate and an almost
trénsparent color is obtained.

[0045]

Accordingly, by transitioning the arrangement of liquid
crystal molecules between the planar arrangement and the
focal conic arrangement, selected reflection (planar
arrangement) -transparency (focal conic arrangement) or
transparency (planar arrangement)-turbid white (focal conic
arrangement) can be displayed. Also, a method of qsing only
nematiclliquid crystal can be applied to, for example, the
so-called TN mode. In the TN ﬁode, two polarizers are
installed on and under a liquid crystal layer at right
angles to each other. Light that passes through the upper
polarizer is rotated with a twist in liquid crystal
molecules due to an optical anisotropy (An) effect of the
liquid crystal molecules and then transmitted through the
lower polarizer so that a bright state is obtained.

Meanwhile, when the ligquid crystal molecules are not twisted
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any more by applying an electric field to the liquid crystal
layer, because there is no effect that makes an inclined
wave surface rotate, incident light is cut off by the lower
polarizer so that a dark state is obtained.

[0046]

[Embodiments]

Hereinafter, embodiments of the present invention will
be described in detail but the present invention is not
limited thereto. 1In each of the following embodiments,
reflectance is obtained by measuring spectro reflectance
(value Y) using a reflection spectro color meter CM-10000
(Minolta). As the value Y becomes lower, transparency
becomes higher. Also, contrast is given as value Y in a
high reflectance state/value Yin a low reflectance state).

Embodiment 1

A glass substrate that had been desirably cleaned and
had a first ITO electrode was dehydrated and baked at a
temperature of 200 O for 30 minutes, and a photoresist
material (an SP value of 10, a negative type, and JSR)
formed of a melamine resin was spin-coated to great
thicknesses of 5, 12, and 18 pm,-respectively. Next, the
coating layer was pre-baked at a temperature of 100 O for 5
minutes, a photo mask having a plurality of openings
corresponding to a plurality of columnar structures was

installed on the coating layer, and the photoresist material
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coating layer was exposed through the photo mask using an
ultraviolet ray irradiation system. Thereafter, a post-
exposure baking process was performed at a temperéture of

100 O for 3 minutes, and a developing process was performed.
After that, the coating layer was cleaned using deionized
water and dried. Also, a.post—exposure process was carried
out and then a post-baking process was performed at a
temperature of 100 O for 5 minutes, thereby obtaining the
resultant columnar structures.

{0047]

Also, the SP value of the photoresist material was
determined by mixing the photoresist material with an
organic solvent with a known SP value and observing whether
the photoresist material was melted in the solvent (the
mixture looks transparent) or not (the mixture looks
turbidly white). The determination was that the photoresist
material had the same SP value as the organic solvent. The
above result is the same in all the embodiments that will be
described later. When the height of the columnar structures
was measured using a layer thickness meter, the columnar
structures had layer thicknesses of 5, 12, and 18 pm. It
was confirmed that the heights of columnar structures
obtained from the above processes are the same as the
thicknesses of the photoresist material coated on the

substrate.
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[0048]

Thereafter, the columnar structures formed on the first
substrate were covered with a glass substrate having a
second ITO electrode such that a surface of the second
substrate where the second electrode was formed faced the
columnar structures. The peripheral edges of the substrates
were joined and bonded using a sealing material, namely,
photolec (Seisuki Fine Chemicals) containing spacers, thus
vacant cells were obtained. Next, chiral nematic liquid
crystal with an SP value of 7 that was obtained by adding a
chiral material (S-811, Merck) to ester-based nematic liquid
crystal (refractive index anisotropy of An =0.170,
dielectric constant anisotropy of A€ =30, isotropic phase-
transition temperature of Ty.,=100 °C) was injected into the
vacant cells. Liquid crystal in which the amount of added
chiral material was adjusted such that a selected reflection
region was set to a blue region was injected into a vacant
cell having 5-fm columnar structures. Liquid crystal in
which the amount of added chiral material was adjusted such
that a selected reflection region was set to a green region
was injected into a vacant cell having 12-§m columnar
structures. Liquid crystal in which the amount of added
chiral material was adjusted such that a selected reflection
region was set to a red region was injected into a wvacant

cell having 18-im columnar structures. Thus, liquid crystal
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elements were obtained.

[0049] :
When a relatively high pulse voltage was applied to the

liquid crystal elements, after the pulse voltage was removed,
the liquid crystals were in a planar state and displayed in
blue, green, and red colors, respectively. Also, when a
relatively low pulse voltage was applied to the 1liquid
crystal elements, after the pulse voltage was removed, all
the liquid crystals became transparent. When the
performances the 1liquid crystal elements were measured by
applying a voltage thereto, good performances were obtained

as will be described now. That is, in blue color, a driving

voltage was 30V (focal conic arrangement) /50V (planar
arrangement), contrast was 5.4, and reflectance in the
planar arrangement was 23%. In green color, a driving
voltage was 30V (focal conic arrangement) /60V (planar

arrangement), contrast was 14.6, and reflectance 1in the

planar arrangement was 22%. In red color, a driving voltage

was 55V (focal conic arrangement)/100V(planar arrangement),

contrast was 4, and reflectance in the planar arrangement
was 27%.
[0050]

Also, in the above-described process, the biue, green,

and red liquid crystals were dropped on a resist layer that

was obtained by exposing the entire substrate without using
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a photo mask, a contact angle Dbetween the columnar
structures and each of the 1liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was
6° in blue color, 13° in green color, and 12° in red color.

Embodiment 2

The embodiment 2 is the same as the embodiment 1 except
that a photoresist material (an SP value of 15, a negative
type, JSR) formed of melanin resin was used instead of the
photoresist material (an SP value of 10). Thus, liquid
crystal elements were obtained to display blue, green, and
red colors, respectively.

[0051]

When the performances of liquid crystal elements were
measured by applying a voltage to the respective 1liquid
crystal elements, good performances were obtained as will be
described now. That is, in blue color, a driving voltage
was 30V{focal conic arrangement)/55V(planar arrangement),

contrast was 5.2, and reflectance in the planar arrangement

was 24%. In green color, a driving voltage was 30V (focal
conic arrangement)/60V(planar arrangement), contrast was
15.3, and reflectance in the planar arrangement was 23%. In

red color, a driving voltage was 50V (focal conic
arrangement) /95V(planar arrangement), contrast was 4.5, and
reflectance in the planar arréngement was 28%.

[0052]
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Also, in the above-described process, the blue, green,
and red liquid crystals were dropped on-a resist layer that
was obtained by exposing the entire substrate without using
a photo mask, a contact angle between the columnar
structures and each of the 1liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was
5° in blue color, 15° in green color, and 11° in red color.

Embodiment 3

The embodiment 3 is the same as the embodiment 1 except
that a photoresist material (an SP value of 12, a negative
type, JSR) formed of melanin resin was used instead of the
photoresist material (an SP value of 10). Thus, 1liquid
crystal elements were obtained to display blue, green, and
red colors, respectively.

[0053]

When the performances of liquid crystal elements were
-measured by applying a voltage to the respective liquid
crystal elements, good performances were obtained as will be
described now. That is, in blue color, a driving voltage
was 29V (focal conic arrangement)/52V(planar arrangement),
contrast was 5.4, and reflectance in the planar arrangement
was 24%. In green color, a driving voltage was 30V (focal
conic arrangement)/60V(planar arrangement), contrast was
14.9, and reflectance in the planar arrangement was 23%. In

red color, a driving voltage was 50V (focal conic
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arrangement) /100V(planar arrangement), contrast was 4.2, and
reflectance in the planar arrangement was 28%.

[0054]

Also, in the above-described process, the blue, greeh,
and red liquid crystals were dropped on a resist layer that
was obtained by exposing the entire substrate without using
a photo mask, a contact angle Dbetween the columnar
structures and each of the 1liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was
5° in blue color, 14° in green color, and 13° in red color.

Embodiment 4

.The embodiment 4 is the same as the embodiment 1 except -
that a photoresist material (an SP value of 14, a negative
type, JSR) formed of melanin resin was used instead of the
photoresist material (an SP value of 10). - Thus, 1liquid
crystal elements were obtained to display blue, green, and
‘red colors, respectively.

[0055]

When the performances of liquid crystal elements were
measured by applying a voltage to the respective 1liquid
crystal elements, good performances were obtained as will be
described now. That is, in blue color, a driving voltage
was 30V (focal conic arrangement)/53V(planar arrangement),
contrast was 5.3, and reflectance in the planar arrangement

was 23%. In green color, a driving voltage was 30V(focal:
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conic arrangement)/59V(planar arrangement), contrast was
15.1, and reflectance in the planar arrangement was 23%. In
fed color, a driving voltage was 50V (focal conic
arrangement) /98V (planar arrangement), contrast was 4.3, and
reflectance in the planar arrangement was 28%.

[0056]

Also, in the above-described process, the blue, green,
and red liquid crystals were dropped on a resist layer that
was obtained by exposing the entire substrate without using
a .photo mask, a contact angle between the columnar
structures and each of the liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was
5° in blue color, 13° in green color, and 12° in red color.

Embodiment 5

A glass substrate that had been desirably cleaned and
had a first ITO electrode was heated in a dry oven at a
temperature of 80 O for 15 minutes, a polyimide alignment
layer was spin-coated, and the resultant structure was
heated in a hot plate at a temperature of 80 0O for 5
minutes and heated in the dry oven at a temperature of 180 O
for 2 hours. The first substrate having the alignment layer
was dehydrated and baked at a temperature of 200 0O for 30
minutes, and a photoresist material (an SP value of 10, a
negative type, and JSR) formed of a melamine resin was spin-

coated. Next, the coating layer was pre-baked at a
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temperature of 100 OO for 5 minutes, a photo mask having a
plurality of openings corresponding to a plurality of
columnar structures was installed on the coating layer, and
the photoresist material coating layer was exposed thrdugh'
the photo mask using an ultraviolet ray irradiation system.
Thereafter, a post—-exposure baking process was performed at
a temperature of 100 O for 3 minutes, and a developing
process was performed. After that, the coating layer was
cleaned using deionized water and dried. Also, a post-
exposure process was carried out and then a post-baking
process was performed at a temperature of 100 0 for 5
minutes, theréby obtaining the resultant columnar structures.
When the héight of the columnar structures was measured
using a layer thickness meter, the columnar structures had a
layer thickness of 7 um.
[0057]

Thereafter, thg columnar structures formed on the first
substrate were covered with a glass substrate having a
second glass electrode having a polyimide alignment layer
such that a surface of the second substrate where the
alignment layer was formed faced the columnar structures.
The peripheral edges of the substrates were joined and
bonded using a sealing material, namely, photolec (Seisuki
Fine Chemicals) containing spacers, thus vacant cells were

obtained. Next, chiral nematic liquid crystal having
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selected reflection wavelength in a green region with an SP

value of 7, which was obtained by adding a chiral material

to ester-based nematic liquid crystal, was injected into the
vacant cells.

[0058]

When the performances of the liquid crystal element
were measured by applying a voltage to the liquid crystal
element, good performances were obtained. That is, a
driving voltage was 60V (focal conic airangement)/90V(planar
arrangement), contrast was 8.1, and reflectance in the
planar arrangemenﬁ was 27%. Also, 511 the above-described
process, the liquid crystal was dropped on a resist layer
that was obtained by exposing the entire substrate without
using a photo mask, a contact angle between the columnar
structures and the 1liquid crystal was measured using a
contact angle meter (CA-X). As a result, the contact angle
was 14°.

Embodiment 6

A glass substrate that had been desirably cleaned and
had a first ITO electrode was dehydrated and .baked at a
temperature of 200 (O for 30 minutes, and a photoresist
material (an SP value of 10, a negative type, and JSR)
formed of a melamine resin was spin-coated. Next, the
coating layer was pre-baked at a temperature of 100 O for 5

minutes, a photo mask having a plurality of openings
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corresponding to a plurality of columnar structures was
installed on the coating layer, and the photoresist material
coating layer was exposed through the photo mask using an
ultraviolet ray irradiation system. Thereafter, a post-
exposure baking process was performed at a temperature of
100 O for 3 minutes, and a developing process was performed.
After that, the coating layer was cleaned using deionized
water and dried. Also, a post-exposure process was carried
out and then a post-baking process was performed at a
temperature of 100 0O for 5 minutes, thereby obtaining the
resultant columnar structures. When the height of the

columnar structures was measured using a layer thickness

meter, the columnar structures had a layer thickness of 7 um.

{0059]

Thereafter, a polyamic acidic alignment layer was
installed on the columnar structures formed on the first
substrate. This alignment layer was formed by spraying a
‘material for the alignment layer on the top surfaces of the
columnar structures and shrinking and fitting the material
at a high temperature of, for example, 200 0O.. Also, an
identical alignment layer was installed on a surface of a
second glass substrate where a second ITO electrode was
formed. The first substrate was covered with the second
substrate such that the alignment layer corresponded to the

alignment 1layer formed on the first electrode, and the
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alignment layers were bonded at a high tempefature of 200 O
The peripheral edges of the substrates were joined and
bonded using a sealing material, namely, photolec (Seisuki
Fine Chemicals) containing spacers, thus vacant cells were
obtained.

[0060]

Next, chiral nematic liquid crystal having selected
reflection wavelength in a green region with an SP value of
7, which was obtained by adding a chiral material to ester-
based nematic liquid.crystal, was injected into the vacant
cells. When the performances of the liquid crystal element
were measured by applying é voltage to the liquid crystal
eiement, good performances were obtained. That is, a
driving voltage was 35V (focal conic arrangement)/65V(planar
arrangement), contrast was 8, and reflectance in the planar
arrangement was 23%.

[0061]

~ Also, in the above-described process, the liquid
crystal was drobped on a resist layer that was obtained by
exposing the entire substrate without using a photo mask, a
contact angle between the columnar structures and the liquid
crystal was measured using a contact angle meter (CA-X). As
a result, the contact angle was 16°.
Embodiment 7

The embodiment 7 is the same as the embodiment 1 except
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that ester-based nematic liquid crystal with an SP value of
7 (refractive index anisotropy of An =0.170, dielgctric
constant anisotropy of A¢ =30, isotropic phase-transition
temperature of Ty-1=100 °C)was used instéad of chiral nematic
liquid crystal with an SP value of 7.

[0062]

Two polarizers were installed on and under the liquid
crystal at right angles to each other, thereby forming a TN-
mode 1liquid crystal element. When the performances of the
liquid crystal element were measured by applying a voltage
to the 1liquid crystal element, good performances were
obtained. That is, when a driving voltage was 0V,
transmissivity was 93%, and when a driving voltage was 2.3V,
transmissivity was 10%. Also, in the above-described
process, the nematic liquid crystal was dropped on a resist
layer that was obtained by exposing the entire substrate.
without using a photo mask, a contact angle between the
columnar structures and the liquid crystal was measured
using a contact angle meter (CA-X). As a result, the
contact angle was 13°.

Embodiment 8

The embodiment 8 is the same as the embodiment 3 except
that ester-based nematic liquid crystal with an SP value of
7 (refractive index anisotropy of An =0.170, dielectric

constant anisotropy of A€ =30, isotropic phase-transition
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temperature of Tyx-.;=100 °C) was used instead of chiral
nematic liquid crystal with an SP value of 7.

[0063]

Two polarizers were installed on and under the liquid
crystal at right angles to each other, thereby forming a TN-
mode liquid crystal element. When the performances of the
liquid crystal element were méasured by applying a voltage
to the 1liquid crystal element, good performances were
obtained. That 1is, when a driving voltage was 0V,
transmissivity was 95%, and when a driving voltage was 2.3V,
transmissivity was 12%. Also, 1in the above-described
process, the nematic liquid crystal was dropped on a resist
layer that was obtained by exposing the entire substrate
without wusing a photo mask, a contact angle between the
columnar structures and the 1liquid crystal was measured
using a contact angle meter (CA-X). As a result, the
contact angle was 16°.

Embodiment 9

A glass substrate that had been desirably cleaned and
had a first ITO electrode was dehydrated and baked at a
temperature of 200 00 for 30 minutes, and a photoresist
material (an SP value of 11, a positive type, ahd Tokyo Oka
Kogyosa) formed of an acrylic resin was spin-coated to great
thicknesses of 3, 10, and 19 um, respectively. Next, the

coating layer was pre-baked at a temperature of 110 U for 3
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minutes, a photo mask having a plurality of openings
corresponding to a plurality of columnar structures was
installed on the coating layer, and the photoresist material
coating layer was exposed through the photo mask using an
ultraviolet ray irradiation system and developed at room
temperature. Thereafter, the coating layer was cleaned
using deionized water, dried, cleaned with 3% oxalic acid
ammonium, cleaned with deionized water, and dried. Also, a
post-exposure process was carried out and then a post-baking
process was performed at a temperature of 220 O for 3
minutes, thereby obtaining the resultant columnar structures.

[0064]

When the height of the columnar structures was measured
using a layer thickness meter, the columnar structures had
layer thicknesses of 3, 10, and 19 pm. It was confirmed
that the heights of columnar structures obtained from the
above processes are the same as the thicknesses of the
photoresist material coated on the substrate. Thereafter,
the columnar structures formed on the first substrate were
covered with a glass substrate having a second ITO electrode
such that a surface of the second substrate where the second
electrode was formed faced the columnar structures. The
peripheral edges of the substrates were joined and bonded
using a sealing material, namely, photolec (Seisuki Fine

Chemicals) containing spacers, thus vacant cells were °
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obtained. Next, chiral nematic liquid crystal with an SP
value of 7 that was obtained by adding a chiral material to
ester-based nematic liquid crystal was injected into the
vacant cells. Liquid crystal in which the amount of added
chiral material was adjusted such that a selected reflection
region was set to a blue region was injected into a vacant
cell having 3-im columnar structures. Liquid crystal in
which the amount of added chiral material was adjusted such
that a selected reflection region was set to a green region
was injected into a vacant cell having 10-pm columnar
structures. Liquid qrystal in which the amount of ‘added
chiral material was adjusted such that a selected reflection .
region was set to a red region was injected into a vacant
cell having 19-im columnar structures. Thus, liquid crystal
elements were obtained.

[0065]

When the performanceé of the 1liquid crystal elements
were measured by applying a voltage thereto, good
performances were obtained as will be described now. That
is, in blue color, a driving voltage was 45V(focal conic
arrangement) /70V(planar arrangement), contrast was 2.5, and
reflectance in the planar arrangement was 27%. In green
color, a driving voltage was 40V (focal conic
arrangement) /85V(planar arrangement), contrast was 7.9, and

reflectance in the planar arrangement was 30%. In red color,
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a driving voltage was 60V (focal conic
arrangement) /115V(planar arrangement), contrast was 2.3, and
reflectance in the planar arrangement was 31%.

[0066]

Also, in the above-described process, the blue, green,
and red liquid crystals were dropped on a resist layer that
was obtained by exposing the entire substrate without using
a photo mask, a contact angle Dbetween the <columnar
structures and each of the 1liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was
10° in blue color, 12° in green color, and 16° in red color.

Embodiment 10

The embodiment 10 is the same as the embodiment 9
except that a photoresist material (an SP value of 14, a
positive type, and Tokyo Oka Kogyosa) formed of an acrylic
resin was used instead of the photoresist material (an SP
value of 11). Thus, 1like in the embodiment 9, liquid
crystal elements were obtained to display blue, green, and
red colors, respectively.

[0067]

When the performances of liquid crystal elements were
measured by applying a voltage to the respective 1liquid
crystal elements, good performances were obtained as will be
described now.. That is, in blue color, a driving voltage

was 50V (focal conic arrangement)/80V{(planar arrangement),
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contrast was 2.3, and reflectance in the planar arrangement
was 25%. In green color, a driving voltage was 45V(focal
conic arrangement)/9OV(plénar arrangement), contrast was 7.6,
and reflectance in the planar arrangement was 29%. In red
color, a driving voltage was 65V (focal conic
arrangement)/125V(planar arrangement), contrast was 2.0, and
reflectance in the planar arrangement was 29%.

[0068]

Also, in the above-described process, the blue, green,
and red liquid crystals were dropped on a resist layer that
was obtained by exposing the entire substrate without using
a photo mask, a contact angle Dbetween the coluﬁnar
structures and each of the 1liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was
11° in blue color, 13° in green color, and 17° in red color.

Embodiment 11

The embodiment 11 is the same as the embodiment 1
'except that a plastic substrate having an ITO electrode is
used instead of the glass substrate having the ITO electrode
and neither hydrated nor baked at a temperature of 200 °C.
Thus, like in the embodiment 1, liquid crystal elements were
obtained to display blue, green, and red colors,
respectively. |

[0069]

When the performances of liquid crystal elements were
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measured by applying a voltage to the respective 1liquid
crystal elements, godd performances were obtained as will Dbe
described now. That 1is, in blue color, a driving voltage
was 30V (focal conic arrangement)/50V(planar arrangement),
contrast was 5.4, and reflectance in the planar arrangement
was 23%. In green color, a driving voltage was 30V (focal

conic arrangement)/60V(planar arrangement), contrast was

14.6, and reflectance in the planar arrangement was 22%. In
red color, a driving voltage was 55V (focal conic
arrangement) /100V(planar arrangement), contrast was 4, and

reflectance in the planar arrangement was 27%.

[0070)

Also, in the above-described process, the blue, green,
and red liquid crystals were dropped on a resist layer that
was obtained by exposing the entire substrate without using
a photo mask, a contact angle between the columnar
structures and each of the 1liquid crystals was measured
using a contact angle meter (CA-X). The contact angle was

9° in blue color, 16° in green color, and 15° in red color.

Embodiment 12

A glass substrate that had been desirably cleaned and
had a first ITO electrode was dehydrated and baked at a
temperature of 200 0 for 30 minutes, and a photoresist
material (an SP value of 10, a negative type, and JSR)

formed of a melamine resin was spin-coated to great
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thicknesses of 5, 12, and 18 pm, respectively. Next, the
coating layer.was pre-baked at a temperature of 100 O for 5
minutes, a photo mask having a plurality of openings
corresponding to a plurality of columnar structures‘was
installed on the coating layer, and the photoresist material
coating layer was exposed through the photo mask using an
ultraviolet ray irradiation system. Thereafter, a post-
exposure baking process was performed at a temperature of
100 O for 3 minutes, and a developing process was performed.
After that, the coating layer was cleaned using deionized
water and dried. Also, a post-exposure process was carried
out and then a post-baking process was performed at a
temperature of 100 U for 5 minutes, thereby obtaining the
resultant columnar structures.

[0071]

Next, a glass substrate having one surface on which a
second ITO electrode was formed and spacers with diameters
of 5, 12, and 18 im were scattered was prepared. The
columnar structures formed on the first substrate were
covered with the glass substrate having the second ITO
electrode such that the surface of the second substrate
where the electrode was formed faced the columnar structures.
Also, the peripheral edges of the substrates were sealed
using a sealing material, namely, XN-21-S(Misuikagakusa)

containing spacers. .While the two substrates were being
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compressed using a jig, they were heated at a temperature of
180 O -for 2 hours so that the sealing material was hardened
and the two substrates were bonded to each other. Thus,
vacant cells were obtained. When the gaps of the cells were
measured using a layer thickness meter, they were 5, 12, and
18 um, respectively.

[0072]

Next, chiral nematic liquid crystal with an SP value of
7 that was obtained by adding a chiral material (S-811,
Merck) to ester-based nematic liquid crystal (refractive
index anisotropy of An =0.170, dielectric constant
anisotropy of Ae =30, isotropic phase-transition temperature
of Ty-1=100 °C) was injected into the vacant cells. Liquid
crystal in which the amount of added chiral material was
adjusted such that a selected reflection region was set to a
blue region was injected into a vacant cell having 5-jm
columnar structufes. Liquid crystal in which the amount of
added chiral material was adjusted such that a selected
reflection region was set to a green region was injected
into a vacant cell having 12-pm columnar structures. Liquid
crystal in which the amount of added chiral material was
adjusted such that a selected reflection region was set to a
red region was injected into a vacant cell having 18-ym
columnar structures. Thus, liquid érystal elements were

obtained.
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[0073]

When the performances of liquid crystal elements were
measured by applying a voltage to the respective 1liquid
crystal elements, good performances were obtained as will be
described now. That is, in blue color, a driving voltage
was 30V (focal conic arrangement)/50V(planar arrangement),
contrast was 5.3, and reflectance in the planar arrangement
was 22%. In greeﬂ color, a driving voltage was 30V (focal
conic arrangement)/60V(planar arrangement), contrast was
14.5, and reflectance in the planar arrangement was 22%. 1In
red color, a driving voltage was 50V (focal conic
arrangement) /95V(planar arrangement), contrast was 3.9, and
reflectance in the planar arrangement was 26%.

[0074]

Also, the liquid crystal element of the embodiment 12
made use of spacers having diameters equal to the layer
thicknesses of the photoresist material coating layer as
formed in the present embodiment 1, but obtained the cell
gaps equal to the heights of the columnar structures as
formed in the embodiment 1. The embodiment 12 is almost the
same as the embodimeht 1 in terms of driving voltage,
contrast, and reflectance in the planar arrangement.
Considering these, it can be seen that even if spacers are
used when columnar Astructures are formed, the

characteristics of the 1liquid crystal element are not
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adversely affected, and also a liquid crystal layer can be
formed to desired thicknesses 1like in the case where no
spacers are used.

Comparative example 1

A glass substrate that had been desirably cleaned and
had a first ITO electrode was dehydrated and baked at a
temperature of 200 O for 30 minutes, and a photoresist
material (an SP value of 8, a negative type, and JSR) formed
of an acrylic resin was spin-coated to great thicknesses of
5, 12, and 18 pm, respectively. Next, the coating layer was
pre-baked at a temperature of 90 0 for 5 minutes, a photo
mask having a plurality of openings corresponding to a
plurality of columnar structures was installed on the
coating layer, and the photoresist material coating layer
was exposed through the photo mask using an ultraviolet ray
irradiation system and developed. After that, the coating
layer was cleaned using deionized water and dried. Also, a
post-exposure process was carried out and then a post-baking
process was performed at a temperature of 130 O for 5
minutes, thereby obtaining the resultant columnar structures.

[0075]

When the height of the columnar structures was measured
using a layer thickness meter, the columnar structures had
layer thicknesses of_5, 12, and 18 pm. Thereafter, the

columnar structures formed on the first substrate were
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covered with a glass substrate having a second ITO electrode
such that a surface of the second substrate where the second
electrode was forméd faced the columnar structures. The
peripheral edges of the substrates were joined and bonded
using a sealing material, namely, photolec (Seisuki Fine

. Chemicals) containing spacers, thus vacant cells were
obtained. Next, chiral nematic liquid crystal with an SP
value of 7 that was obtained by adding a chiral material to
ester-based nematic liquid crystal was injected into the
vacant cells. Liquid crystal in which the amount of added
chiral material was adjusted such that a selected reflection
region was set to a blue region was injected into a vacant
cell having 5-pm columnar structures. Liquid crystal in
which the amount of added chiral material was adjusted such
that a selected reflection region was set to a green region
was injected into a vacant cell having 12-ym columnar
structures. Thus, liquid crystal elements were obtained.
But, a vacant cell having 18-m columnar structures was not
used.

[0076]

When the performances the liquid crystal elements were
measured by applying a voltage thereto, in blue color, a
driving voltage was 25V(focal conic arrangement)/65V(planar
arrangement), contrast was 1.3, and reflectance in the

planar arrangement was 28%. That is, the contrast was very
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low. In green color, a driving voltage was 40V (focal conic
arrangement) /90V (planar arrangement), contrast was 5.9, and
reflectance in the planar arrangement was 18%. That is, the
reflectance in the planar arrangement was very low.

[0077]

Also, <chiral nematic 1liquid crystal(having selected
reflection wavelength in the green region) wiﬁh an SP value
of 7 that was obtained by adding a chiral material to ester-
based nematic liquid crystal was filled between the columnar
structures with a height of 7 pm, left as it was for 2 hours,
cleaned with n-hexane, and dried. When a sample obtained by
depositing gold on the columnar structures was observed
using a scanning electronic microscope (SEM), it can be seen
that the columnar structures crumbled to a lower height.

[0078]

Also, 1in the above-described process, the blue and
green liquid crystals and additionally formed red liquid
crystal were dropped on a resist layer that was obtained by
exposing the entire substrate without using a photo mask, a
contact angle between the columnar structures and each of
the liquid crystals was measured using a contact angle meter
(CA-X) . The contact angle was 21° in blue color, 17° in
green color, and 25° in red color.

Comparative example 2

A glass substrate that had been desirably cleaned and
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had a first ITO electrode was dehydrated and baked at a
temperature of 200 0 for 30 minutes, and a photoresist
material (an SP value of 7, a negative type, and JSR) formed
of an acrylic resin was spin-coated to great thicknesses of
5, 12, and 18 mm, respectively. Next, the coating layer was
pre-baked at a temperature of 80 0 for 5 minutes, a photo
mask having a plurality of openings corresponding to a
plurality of columnar structures was installed on the
coating layer, and the photoresist material coating layer
was exposed through the photo mask using an ultraviolet ray
irradiation system and developed. After that, the coating
layer was cleaned using deionized water and dried. Also, a
post-exposure process was carried out and then a post-baking
process was performed at a temperature of 110 00 for 5
minutes, thereby obtaining the resultant columnar structures.

[0079]

When the height of the columnar structures was measured
using a layer thickness meter, the columnar structures had
layer thicknesses of 5, 12, and 18 pm. Thereafter, the
columnar structures formed on the first substrate were
covered with a glass substrate having a second ITO electrode
such that a surface of the second substrate where the second
electrode was formed faced the columnar structures. The
peripheral edges of the substrates were joined and bonded

using a sealing material, namely, photolec (Seisuki Fine
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Chemicals) containing spacers, thus vacant cells were
obtained. Next, chiral nematic liquid crystal with an SP
value of 7 that was obtained by adding a chiral material to
ester-based nematic liquid crystal was injected into the
vacant cells. Liquid crystal in which the amount of added
chiral material was adjusted such that a selected reflection
region was set to a blue region was injected into a vacant
cell having 5-im columnar structures. Liquid crystal in
which the amount of added chiral material was adjusted such
that a selected reflection region was set to a green region
was injected into a vacant cell having 12-pm columnar
structures. Thus, liquid crystal elements were obtained.
But, a vacant cell having 18-pm columnar structures was not
used.

[0080]

When the performances the liquid crystal elements were
measured by applying a voltage thereto, in blue color, a
driving voltage was 28V (focal conic arrangement) /67V (planar
arrangement); contrast was 1.1, and reflectance in the
planar arrangement was 27%. That is, the contrast was very
low. 1In green color, a driving voltage was 38V (focal conic
arrangement) /88V(planar arrangement), contrast was 5.7, and
reflectance in the planar arrangement was 17%. That is, the
reflectance in the planar arrangement was very low.

[0081]
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Also, <chiral nematic 1liquid crystal(having selected
reflection wavelength in the green region) with an SP value
of 7 that was obtained by adding a chiral material to ester-
based nematic liquid crystal was filled between the columnar
structures with a height of 12 pm, left as it was for 2
hours, cleaned with n-hexane, and dried. When a sample
obtained by depositing gold on the columnar structures was
observed using an SEM, it can be seen that the columnar
structures crumbled to a lower height.

[0082]

Also, 1in the above-described process, the blue and
green liquid crystals and additionally formed red 1liquid
crystal were dropped on a resist layer that was obtained by
exposing the entire substrate without using a photo mask, a
contact angle between the columnar structures and each of
the liquid crystals was measured using a contact angle meter
(CA-X) . The contact angle was 23° in blue color, 19° in
green color, and 28° in red color. |

Comparative example 3

A glass substrate that had been desirably cleaned and
had a first ITO electrode was dehydrated and baked at a
temperature of 200 0O for 30 minutes, and cyclic-poly-
isoprene-based photoresist (an SP value of 7, a negative

type, and Tokyookaje OMR-83) was spin-coated to a thickness

of 7 um. Next, the coating layer was exposed using a photo
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mask and developed, thereby obtaining the resultant columnar
structures. Also, <chiral nematic 1liquid crystal(having
selected reflection wavelength in the green region) with an
SP value of 7 that was obtained by adding a chiral material
to ester-based nematic liquid crystal was filled between the
columnar structures with a height of 7 ym, left as it was
for 2 hours, cleaned with n-hexane, and dried. When a
sample obtained by depositing gold on the columnar
structures was observed using an SEM, it can be seen that
the columnar structures crumbled to a lower height.

.[0083]

Also, in the"above—described process, blue and green
liquid cfystals and additionally formed red liquid crystal
were dropped on a resist layer that was obtained by exposing
the entire substrate without using a photo mask, a contact
angle between the columnar structures and each of the liquid
crystals was measured using a contact angle meter (CA-X).
The contact angle was 25° in blue color, 19° in green color,
and 27° in red color. From the above-described results, it
can be known that when the liquid crystal elements according.
to the embodiments 1 to 12 in which the photoresist material
has an SP value of 10 to 15 are used together with liquid
crystals with an SP value of 8 or less, excellent contrast
and reflectance can be obtained. By contrast, when the

liquid «crystal elements according to the comparative
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examples 1 and 2 in which the photoresist material has an SP
value of 7 to 8 are used together with liquid crystals with
an SP value of 7, sufficient contrast and reflectance cannot
be obtained.

[0084]

Also, because the final height of columnar structures
is equal to the thickness of the photoresist material layer
coated on the substrate, according to the method of the
present invention wusing the photoresist material, the
columnar structures can be simply formed to a desired height
without wusing spacers. Also, even if the columnar
structures'are formed of photoresist containing spacers, the
liquid crystal elements can obtain good characteristics
equally.

[0085] _

[Effect of the Invention]

As described above, according to the 1liquid crystal
element and the producing method of the present invention,
by enclosing a liquid ‘crystal between two substrates, at
least one of which is transparent, the 1liquid crystal
element is not affected by hardness or softness of
substrates compared with a conventional 1liquid crystal
element, to be able to keep liquid crystal layer thickness
constant over a long period and to stably obtain a desired

.ccontrast and reflectance thereby.
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[Brief Description Qf the Drawings]
[Fig. 1]

Fig. 1 is a cross;sectional view of a liquid crystal

element according to an embodiment of the present invention.
[Fig. 2]

Fig. 2 is a cross-sectional view of a liquid crystal
element according to another embodiment of the present
invention.

[Fig. 3]

Fig. 3 is a cross-sectional view of a liquid crystal
element according to still another embodiment of the_present
invention.

[Fig. 4]

Fig. 4 is a cross-sectional view of a liquid crystal
element according to yet another embodiment of the present
invention.

[Fig. 5]

Fig. 5 is a cross-sectional view of a liquid crystal
eleﬁent according to further another embodiment of the
present invention.

[Fig. 6]

Fig. 6 is a cross-sectional view of a liquid crystal
element according to further another embodiment of the
present invention.

[Reference Numerals]
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la, 1lb: substrate having electrode

2:

3:

columnar structure
liquid crystal
sealing wall
insulating layer

alignment layer
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